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by RAPD-PCR
Aufdeckung intraspezifischer Variation beim Schwammspinner (Lymantria dispar) durch RAPD-PCR
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Abstract
The current outbreak of gypsy moth (Lymantria dispar) in Germany
has stirred up discussions about a possible introduction of an ag-
gressive Asian race of the insect in Europe. If this assumption proves
correet, restrictive measures against transports from Europe to Narth
America may be expected. We have employed the RAPD-PCR (Ran-
dom Amplified Polymorphie DNA-Polymerase Chain Reaction)
teehnique to assess genetic differences between L. dispar popula-
tions from various regions in Germany and an isolate from Kazakh-
stan, Our results suggest the existence of homogeneous local popu-
lations as well as mixed populations which might be due to exchange
proeesses between different German regions. RAPD patterns of the
L. dispur isolate from Kazakhstan differed from the patterns ob-
tained with material eollected in Germany. When patterns of the
Kazakhstan isolate and a homogeneous isolated German population
were cornpared, some additional amplified DNA fragments were de-
tected in the Kazakhstan material. These fragments were also found
in some specimens from several German regions. A possible hy-
bridization of German populations with an Asian genotype can
therefore not be excluded. More isolates from different Asian re-
gions will be examined in order to reaeh unequivoeal eonclusions
about an introduetion of Asian gypsy moths into Germany.
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Zusammenfassung
Die derzeitige Massenvermehrung des Schwammspinners (Lvmantria
dispari in Deutschland hat zu Diskussionen über die mögliche Einschlep-
pung einer aggressiven asiatischen Rasse des Insektes in Europa geführt.
Sollte sichdieseVermutungbestätigen,wärenrestriktiveMaßnahmengegen-
über Transportenvon Europa nach Nordamerikazu erwarten.Wir haben die
RAPD-PCR-Technik (Random Amplified Polymorphie DNA-Polymerase
Chain Reaction)eingesetzt, um genetischeUnterschiedezwischenL. dispur-
Populationenaus verschiedenen GebietenDeutschlandsundeinem Isolat aus
Kasachstan zu ermitteln. Unsere Ergebnissedeuten auf ein Vorkommen so-
wohl homogener lokaler Populationen als auch vermischter Populationen,
die durch Austauschprozesse zwischen verschiedenen Regionen Deutsch-
lands entstandensein können. Die RAPD-Musterdes L. di,par-Isolates aus
Kasachstanunterschieden sich von den Mustern,die mit in Deutschlandge-
sammeltem Material erhalten wurden. Beim Vergleich der Muster des Isola-
tes aus Kasachstan und einer homogenen Population aus einem isolierten
deutschen Vorkommen wurden einige zusätzliche amplifizierteDNA-Frag-
mente imkasachischenMaterial entdeckt.Diese Fragmentewurdenebenfalls
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in einigen Proben aus anderen Regionen Deutschlandsgefunden.Eine mög-
liche BastardisierungdeutscherPopulationenmit einem asiatischenGenotyp
kann daher nicht ausgeschlossen werden. Wir beabsichtigen,weitere Isolate
aus verschiedenenasiatischenRegionenzu untersuchen,umendgültigeFest-
stellungenbezüglicheiner EinschleppungasiatischerSchwammspinnertref-
fen zu können.
Stichwörter
Schwammspinner, Lymantria dispar, Rassendifferenzierung. europäischer/
asiatischerGenotyp, RAPD-PCR
Introduction
Explanation of the present gypsy moth outbreak in Germany has be-
come a matter of seientific discussions. One possible assumption
would be that local L. dispar populations have explosively multi-
plied due to favorable weather conditions during the past few years
(warm summers). According to another hypothesis, more aggressive
Asian gypsy moths have been introdueed by migration 01' trans-
portation. Introduction of Asian gypsy moths into North America by
means of ships crossing the Pacifie Ocean has been deseribed (BoG-
DANOWICZ et al., 1993).
The greater colonizing ability of Asian gypsy moths has been
aseribed mainly to superior flying capability of the females. In addi-
tion, a broader host plant range of the Asian gypsy moth has been in-
ferred (BOGDANOWICZ et al., 1993). An involvement of Asian gypsy
moths in the German outbreak of L. dispar was mainly presumed by
American seientists. If the hypothesis proves correct, restrictive
measures against transatlantic transports from Europe to North
America may be eonsidered in the USA. In order to reach unequi-
voeal conclusious, the distrihution and type(s) of Asian gypsy moths
should be determined in relevant areas of Europe as well as North
America.
Since its first deseription in 1990 (WILLIAMS et al., 1990; WELSH
and MCCLELLAND, 1990), the RAPD-PCR technique has been ap-
plied successfully to the detection of genetic differences in many or-
ganisms (HENSON and FRENCH, 1993; WILLIAlvIS et al., 1993). In this
method, a single decanucleotide primer is used to amplify random
DNA sequenees of the target organisrn, and the pattern of separated
DNA fragments is used for classifieation on different taxonomie
levels, e.g. species, race or population. In this article we present
results of initial RAPD-PCR experiments analysing L. dispar spe-
eimens from different German areas and an isolate originating in
Kazakhstan.
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Material and Methods
Insect material
Adult animals, pupae and egg masses were collected from more than
30 different sites in 8 states of Germany. We thank our colleagues of
the forest services and state plant protection services for collecting
and providing this material. In addition a L. dispar isolate from
Kazakhstan was used which had been propagated for many genera-
tions in captivity. This material was generously provided by Dr. D.
STÜNING, Zoologisches Forschungsinstitut und Museum A. Koenig,
Bonn.
Extraction of Lymantria DNA
DNA was extracted applying the method of DELLAPORTA et al.
(1983). The inseet material (I thorax or about 40 eggs) was ground
with sand in a porcelain mortar on ice. The homogenate was treated
with extraction buffer, sodium dodecyl-sulphate and potassium ac-
etate as described by DELLAPORTA et al. (1983). Nucleic acids were
precipitated twice, once with isopropanol and once with ethanol. In-
troduction of a phenol/ehloroform extraction (SAMBROOK et al.,
1989) between the two alcohol preeipitations was necessary to ob-
tain DNA of sufficient purity for PCR from all developmental stages
of Lymantria. DNA concentration of the final extract was measured
fluorimetrically (BRuNK et al., 1979).
RAPD-PCR procedure
Random primers (ten-base oligonucleotides with random sequence)
were purchased from Operon Technologies (Alameda, USA). PCR
was carried out using aPerkin Eimer Cetus thermocycler (TC 480).
The reaction mixture (25 /-LI) contained 6 ng of template DNA, 5 U
of Taq DNA polymerase Stoffel fragment (perkin Eimer), 100 /-LM
of each dNTP (Boehringer Mannheim), 0.2 /-LM of a single random
primer and 4 mM MgCI2 in Ix reaction buffer (10 mM KCI, 10 mM
Tris-HCI pH 8.3). The reaction mixture was heated for 5 min at
94 "C, submitted to 45 reaction cycles of 94°C for Imin, 36°C for
Imin, 72 "C for 2 min, and finally kept at 72 "C for 10 min. After
the PCR, 10 /-LI aliquots of the reaction mixture were resolved by
electrophoresis in a 2 % agarose gel and DNA fragments were visu-
alised by staining in 0.5 p.g/ml ethidium bromide.
Results and Discussion
Species-specific RAPD [eatures
Initially we produced RAPD patterns of L. dispar and L. monacha
(nun moth) specimens using five different random primers to assess
the levels of interspecific and intraspecific variation. A representa-
tive experiment is shown in Fig. I. Patterns of amplified DNA frag-
ments were eompletely different for the two species with any of the
five primers tested. However, rather homogeneous patterns were ob-
tained within each species.
lntraspecific variation ofL. dispar
Forty different random primers were tested for their ability to reveal
genetic variation among L. dispar specimens collected in different
regions of Germany and an isolate from Kazakhstan which had been
propagated for many generations in captivity. Very different types of
RAPD patterns were obtained with these primers. However, DNA
fragments differentiating between L. dispar individuals and popula-
tions were only amplified with seven out of the forty primers tested.
The results obtained with the seven differentiating primers sug-
gested the existenee of homogeneous local populations of L. dispar
as weil as mixed populations which might be due to exchange
processes between different regions. This is exemplified by the re-
Fig. 1. Species-specific RAPD patterns of L. dispar and L. monacha
obtained with random primer OPZ13. MW: Molecular weight marker.
sults shown in Fig. 2. If only the 4 most prominent amplified DNA
fragments are used for genotyping, 6 different patterns are discern-
able as indicated in Fig. 2. Homogeneous patterns of different type
were obtained für the duplicate sampies from the Kazakhstan isolate
and a collection site in Niedersachsen. The duplicate sampies from
a site in Nordrhein-Westfalen and Bayern, respectively, revealed two
corresponding types of patterns in each region, indicating an ex-
change of genotypes between these two regions. Exchange processes
were also suggested between Niedersachsen and Sachsen as weil as
between Brandenburg and Sachsen on the basis of corresponding
pattern types between these regions. Additional experiments using
other primers and up to five individuals from each region gave sim-
ilar findings. A quantitative assessment of population homogeneity
or heterogeneity would of course require examination of many more
specimens from the different regions.
Properties ofan L. dispar isolate frotn Kazakhstan
RAPD patterns of the L. dispar material originating from Kazakh-
stan generally differed from the patterns obtained with material col-
lected in Germany (cf. Fig. 2). The pure "Kazakhstan genotype"
therefore doesn't seem to occur in infested regions of Germany.
However, the possibility exists that Asian gypsy moths related to the
Kazakhstan material have eross-bred with European types to pro-
duce hybrids which share certain properties with Asian gypsy moths.
In principle it appears possible to find diagnostic RAPD markers
for such hybrids by comparing amplified DNA fragments of the pure
Asian and European parent genotypes. It is obviously difficult to de-
Fig. 2. Intraspecific variation of L. dispar fram different areas as re-
vealed by RAPD-PCR using random primer OPZ16. M1-4: DNA frag-
ments used to deduce the pattern types 1-6 indicated in the figure; D:
Possible diagnostic DNA fragment for the "Kazakhstan" genotype of
L. dispar, MW: Molecular weight marker; KS: Kazakhstan; NS: Nie-
dersachsen; NW: Nordrhein-Westfalen; BY: Bayern; BB: Branden-
burg; SA: Sachsen.
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fine authentie referenee material for the European type and the par-
tieular Asian type whieh eould have hybridized. We have tentatively
eompared RAPD patterns of our Kazakhstan isolate and of speci-
mens from relatively isolated German populations (Niedersaehsen
and Nordrhein-Westfalen). With four of the seven differentiating
random primers we found a few additional DNA fragments in the
Kazakhstan material (e.g. Fig. 2) whieh might be diagnostie for this
genotype in mixed populations. These fragments were also found in
eight out of fifteen specimens from Brandenburg. Sachsen and Bay-
ern (not shown). More isolates from different Asian regions have to
be examined before definitive conclusions can be drawn about an
introduction of Asian gypsy moths in Germany.
Gur RAPD experiments have yielded some initial information on
intraspeeifie variation of gypsy moths and a possible involvement of
Asian gypsy moths in Germany. We are building up scientifie con-
taets with other groups in the USA and Asian countries in order to
obtain additional referenee sampIes for Asian gypsy moths from dif-
ferent areas and eompare our RAPD technique with other genotyp-
ing procedures developed elsewhere (e.g. BOGDANOWICZ et al.,
1993).
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